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Introduction 
 

Prostate cancer is one of the most common can-
cers and the second cause of death after lung can-
cer in industrial countries with a higher frequency 
after the 7th decade of life. It is estimated that 
about 40% of men over 50 year’s old, show a can-
cerous transformation which should be detected 
with histological observation (1). Prostate cancer 
is a heterogeneous and multi-factorial disease in 
which several factors such as life style, envi-
ronment, hormone and genetics could be involved 
(2). Although many genes have been identified in 

having a role in prostate cancer progression, the 
precise molecular mechanism(s) responsible for 
initiation and progression of the disease are still 
not well understood.  
In homeobox genes, especially its HOX subgroup, 
there are coding transcription factors which are 
responsible for coordination and regulation of 
cellular physiology such as growth, apoptosis, etc. 
in gestational life and many evidences indicate a 
that there is a relationship between dysregulation 
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of these genes and initiation of neoplasia in breast, 
colorectal, kidney and also leukemia (3).  
Several studies have shown role of HOX genes 
such as HOXC4, HOXC5, HOXC6, and HOXC8 
in prostate cancer (4). They are coding regulatory 
proteins which control the primitive evolutionary 
reactions in various tissues and contain about 60 
amino acids called homo-domain. They have a 
helix-turn-helix structure which binds to the DNA, 
rolling as a transcription factor. Mutation in such 
genes, leads to sever alterations in the morphology 
of organism (5). They are categorized into six 
groups. One of them is coding for TALE proteins. 
TGIF belongs to TALE proteins as a suppressor 

of TGF- transcriptional inducer. TGIF2 has a 
substantial homology with TGIF, located in the 
long arm of chromosome 20, expressing in most 
of human body tissues with higher expression lev-
el in heart, kidney, testis and ovarian cancer (6, 7). 
TGIFLX is produced from TGIR2 retro-
transposition and is located in chromosome X. It 
is more likely a regulatory transcription factor 
which might perform a function in association 
with other homo-domain proteins. The biological 
role of TGIFLX gene is not completely known ex-
cept its exclusive expression in adult testis (8). A 
study has shown strong relationship between loss 
of TGIFLX expression and infertility in men (9). 
Moreover, another study has demonstrated that its 
abnormal expression has an important role in ma-
lignancy and progression of prostate cancer (10). 
This study investigated the effect of in vitro gene 
expression on prostate cancer cell line with 
TGIFLX transfection into the prostate cancer cell 

line (LNCaP) in order to prepare a stable cell line. 
The study and analysis of TGIFLX effect on this 
cell line can help to elucidate the basis of molecu-
lar biology of such genes on cancer. 
 

Materials and Methods 
 

Cell line and Primers 
The LNCaP cell line was prepared by the Pasteur 
Institute of Iran (Institute Pasteur d’Iran). It was 
cultured in culture media containing RPMI 1640 
and 10% Fetal Bovine Serum (FBS), 100ug/ml 
Penicillin, 100ug/ml streptomycin in 37 C and 5% 
CO2. Primers were designed based on the ge-
nomic database of given in NCBI (http://-
www.ncbi.nlm.nih.gov/) and Gene Runner 
(http://www.generunner.net/) designing software. 
PGEFp-N1 and inducible tet-ON plasmid was 
used (Takara, Japan) for stable gene expressing 
eukaryotic cell. 
 

RT-PCR 
After 80-90% confluence RNA was extracted by 
Tripure Isolating Reagent (Roche, USA) according 
to manual protocol. The amount of 1ug of RNA 
was used for preparation of cDNA by using 
cDNA synthesis kit (Fermentase Thermo scien-
tific, USA) based on the instruction protocol. The 
TGIFLX expression of LNcap was analyzed by 
using PCR reaction with primers (Table 1). The 
PCR reaction is demonstrated in Table 2. PCR 
products were run through a 2% agarose gel and 
DNA band intensity was observed by Gel Doc 
(Gel logic 212 PRO, USA). 

 

Table 1: Primers used for this study 
 

Sequence Description Name 
5’-GGGAATTCATGGAGGCCGCTGCGGAC-3’ For Amplification (EcorІ Re-

striction site) 
TGIFLX forward  

5’-GGGATATCTCATGGATTAGGCTCTTG-3’ For Amplification (EcorV Re-
striction site) 

TGIFLX reverse  

5’-CAACAGTAACGATAAGCCTCTTG -3’ For expression analysis TGIFLX forward:  
TGX F 

5’-AAGGCAAGAACTCTGCCTGTA  -3’ For expression analysis TGIFLX reverse: 
TGX R 

5’-CACCAGGGCTGCTTTTAAC-3’ House keeping GAPDH forward 
5’-ATCTCGCCTCCTGGAAGAT-3’ House keeping GAPDH reverse 
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Cloning 
To make a recombinant TGIFLX expression vec-
tor, the gene was amplified by PCR from a TA 
vector which had been prepared before and then 
sub-cloned to the inducing vector pTet-On (P-
Tight). Cloning primers were used and EcoRI re-
striction site in 5’ of forward primer and EcoRV 
restriction site in 5’ of reverse primer (Table 1) 
were designed for multiple cloning sites in order 
to amplify TGIFLX from TA vector (Table 2) 
which was sub-cloned before (11). The sequence 
accuracy was confirmed by DNA sequencing. 
Amplified product was digested by the mentioned 

restriction enzymes and run through 0.7% gel 
electrophoresis, separated by QIAQuick Gel Ex-
traction kit (Qiagen, USA) based on the manual 
instruction. The separated fragment was ligated 
into the p-Tet-On vector by using T4 DNA Lig-
ase (invitrogen, USA), 
Ligation reaction was transformed into the Top10 
f (Invitrogen, USA) by heat shock method and the 
accuracy of clones was confirmed by double di-
gestion. The sequence of inserted product was 
confirmed also by DNA sequencing. Number of 
25x 104 LNcap cell lines were seeded in each 6 
well plates and waited for 70% confluency.  

 
Table 2: PCR programs 
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In a period of 24 hours before lipofection, culture 
media was changed with antibiotic free RPMI 
1640. Afterwards, 5 ug of purified regulatory plas-
mid (p-rtTA) was mixed with 250 ul of FBS free 
RPMI without antibiotic and was incubated at 
room temperature before usage. On the other 
hand, 5 ul of lipofctamine 2000 (Invitrogen, USA) 
was mixed with 250 ul of serum free RPMI with-
out antibiotic at room temperature for 5 minutes. 
In the next step, both of solutions (DNA and 
lipofectamine) were mixed and incubated for 20 
minutes at room temperature. Here, cell culture 
media was replaced with the mixture and incu-
bated for 3 minutes in CO2 incubator. Then 2 ml 
of antibiotic free RPMI containing 10% FBS was 
added to the cells and transferred to the incubator. 

After 4-6 hours, the media was replaced with anti-
biotic free RPMI containing 10% FBS. 
Number of 2x105 LNCaP cells was inserted in 
each well of 6 well plates and after 70% conflu-
ency, the media was replaced with G418 culture 
media. Then the killing curve of antibiotic was 
analyzed. Antibiotic containing cell culture media 
was refreshed every 48 hours. The minimal con-
centration which caused to complete cell death 
within one week was used for the next step which 
was 400 ug/ml. Forty eight hours after lipofection 
with regulatory plasmid (p-rtTA), the culture me-
dia was replaced with RPMI containing 10% FBS 
and 400ug/ml G418 and was refreshed every 48 
hours for 3 weeks until a clone of G418 resistant 
cell was found in the plate. The selected stable cell 
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line was transfected with responding plasmid p-
Tight, cloned with TGIFLX and selected with 250 
ug/ml (optimized by killing curve same as above) 
of hygromycin  for 3 weeks. 
 
TGIFLX induction expression 
A number of 2x105 double transfected cell lines 
were seeded in 6 well plates. After 24 hours three 
different dilutions of doxycyclin (500 ng/ml, 800 
ng/ml and 1ug/ml) were added to different wells. 
Then after 48 hours, RNA of the cells were ex-
tracted and the expression of TGIFLX gene with 
our without presence of doxycyclin was analyzed 
by cDNA synthesis and RT-PCR reaction. Equal 
amount of double transfected cells were distrib-
uted in 6 well plates and different dilutions of 
doxycyclin (200 ng/ml, 400 ng/ml, 800 ng/ml, 
1ug/ml) were added to different wells. The total 
of RNA was extracted after 48 hours for TGIFLX 
gene expression analysis with or without presence 
of doxycyclin. 
 
MTT assay 
A number of 5-10x104 stable TGIFLX inducible 
cells, LNCaP with p-Tet on empty vector and 
LNCaP cells were seeded in each wells of 96 well 
plates and incubated for 24 hours. Then doxycy-
clin with concentration of 1ug/ml was added to 
each well and 50ul of 0.5mg/ml MTT solution 
was added and incubated at 37 °C for 1 hour. Af-
ter discarding the solution by inversion, the 
amount of 100 ul of DMSO was added to the pur-
ple precipitation of wells and dissolved by shaking. 
Finally the absorbance rate in 550nm to 630nm as 
background was analyzed by ELISA reader (An-
thos 2020, Austria). 
 
BRDU assay 
A number of 5 x105 cells were seeded in each of 
the 96 well plates as triplicate for each sample 
(TGIFLX cells, p-Tight empty vector cells and 
LNCaP cells) and treated with doxycyclin for 48 
hours. BRDU (Roche, Germany) was added to 
culture media and incubated for a definite time at 
37 °C. Then it was discarded by the inverting cul-
ture plate and fixDenta (Roche, Germany) was 
added as the fixing solution. After 30 min incuba-

tion at room temperature, the fixing solution was 
discarded and Anti-BRDU-POD (Roche, Ger-
many) was added. It was incubated for 30 to 90 
min at room temperature and the antibody was 
discarded and wells were washed for three times 
by washing buffer. The TMB substrate (Roche, 
Germany) was added and incubated for 5-20 min 
at room temperature. Lastly, 450 nm of absorb-
ance was measured.  
 
Apoptosis and caspase assay 
Cultured cells were treated by doxycyclin for 48 h 
and after synchronization for 12 hours (culturing 
in FBS free media), tripsinized and span down at 
600g in 4°C for 5 min before the supernatant were 
discarded. The cells were washed with 1 ml PBS 
and span down again. The amount of 100 ul of 
cell lysis buffer was added to 2x106 cells after dis-
carding the supernatant and placed on ice for 15 
to 20 min. Then the lyzed cells were centrifuged 
for 10 to 15 min at 20000 g in 4 °C and superna-
tant was transferred to new tubes and incubated at 
-70 °C.  
The caspase 3 enzyme activity test was conducted 
by calorimetric method. The amount of protein 
was calculated by using A280 wave length of 
Nano-drop (NaNoDrop 1000, Thermo scientific, 
USA). Different concentrations of protein were 
checked to optimize the protein concentration. 
The concentration of 30 mg/ml was defined as 
the optimized concentration. The appropriate 
amount of protein and reaction buffer was added 
to each well to a final volume of 90 ul. The reac-
tion was initiated by adding 10 ul of caspase 3 
substrate. The plate was moved gently without 
making bubbles. It was covered with foil alumi-
num and incubated at 37°C for 18 hours. The 
sample absorbance was measured at 405 nm. 
 
TGIFLX localization 
TGIFLX amiplified coding sequence was ampli-
fied with primers containing BglII and EcorI re-
striction sites in 5’ direction from TA cloning vec-
tor. It inserted into the GFP expressing vector 
pEGFP (Clontech, USA) in order to investigate 
the localization of TGFILX protein and be trans-
fected into LNCaP cells the same as it was men-
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tioned before. Transfected cells (pEGFP-
TGIFLX called LNGFLX and pGEFP-N1 as an 
empty vector LNGFN) were selected by G418 for 
21 days. Green fluorescence signaling was investi-
gated by using fluorescent microscope (0lympus 
IX71, Japan) using different magnifications. 
 
Statistical analysis  
The average and standard deviation (SD) of all 
variables from triplicate samples were calculated 
by using Excel 2010 (Microsoft, USA) and P value 
calculated by t-test. 
 

Results 
 
TGIFLX expression and LNCap 
TGIFLX gene expression was investigated in 
LNCaP cell lines. Data of RT-PCR demonstrated 
no expression of this gene in LNCaP cell line. 
GAPDH was used as a house keeping gene (Fig. 
1A). 
 

TGFLX amplification by PCR 
TGIFLX gene was amplified by primers with 
EcoRI and EcoRV restriction sites as mentioned 
in the material and methods. The size of PCR 
product was 728 base pair and was recovered in 2% 
agarose gel which is shown in figure1B. Digested 
plasmid (p-Tight responding plasmid) and ampli-
fied PCR fragment which purified by using PCR 
gel extraction were confirmed by using agarose. 
Plasmid and fragment were ligated in 1:3 molar 
ratios. Ligation mixture was transformed into 
competent cells and 10 antibiotic resistant colo-
nies were selected and cultured. Afterwards, plas-
mids were extracted and PCR products were re-
covered by using 1% agarose gel which is shown 
in Fig. 1C. Plasmids with higher molecular weight 
were selected and digested in a single and double 
manner. Finally plasmids with product size of 728 
bp after double digestion with restriction enzymes 
were chosen as recombinant plasmids. The valid-
ity of TGIFLX sequence was confirmed by DNA 
sequence analysis. 

 

 
 

Fig. 1: (A) Agarosis gel electrophoresis of RT-PCR products for TGIFLX expression in Lncap cell line stained with 
ethidium bomide showed no band for TGIFLX expression. GAPDH as house keeping and NC as template negative 
control were shown in this picture defined by 50 bp DNA ladder (M). (B) TGIFLX product was amplified by using 
specific primers as mentioned in materials and methods. Wells number 1 and 2 were used for PCR product using 80 
and 20 nanogram/ul respectively. DNA marker as 100bp ladder (M). NC as negative control for PCR. (C) Electro-
phoresis for single and double digestion of pTet-On recombinant plasmid with EcoRI as mentioned in materials and 
methods. The lines containing undigested plasmid (1), single digested plasmid (2) and double digested plasmid con-
taining the 728 bp cloned fragment (3) and 1Kb DNA marker (M) 
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Recombinant plasmid containing TGIFLX 
Double transfected stable cell line (named LNX-1) 
was treated with different dosages of 200ng/ml, 
400 ng/ml and 1ug/ml. PCR products of treated 
and untreated cells and also LNCaP transfected 
with empty vector (named LNN-1) has been illus-
trated in Fig. 2. While untreated double trans-
fected stable LNCaP cell line and empty vector 
transfected cells have shown no band for 
TGIFLX, the same stable cell lines treated with 
doxycyclin have shown the TGIFLX amplification 
band in a dosage dependent pattern. The gene ex-
pressing bands were normalized by using house-
keeping gene GAPDH which has been detailed 
above. 
 

 
 

Fig 2: Agarose gel electrophoresis of TGIFLX expres-
sion in stable cell lines. There is no expression in 
LNN-1 empty vector Lncap cell line. Inducible cell 
lines showing expression of TGIFLX after treatment 
with 400ng/ml (1) and 1 ug/ul (2) Doxycyclin in a 
dose dependent manner compared with untreated cells 
(-). NC as negative control and 100 DNA ladder as 
marker (M) was included in data 

 
MTT cell viability 
MTT assay was investigated in 550nm absorbance. 
As it is shown in Fig. 3, it was 0.37, 0.41 and 0.34 
for LNCaP, LNN-1 and untreated LNX-1, while 
this range was reduced to 0.25 after LNX-1 
TGIFLX induction by doxycyclin (P<0.005). Data 
has shown lower metabolic activity in LNX-1 
treated with doxycyclin compared with untreated 
cells LNN-1.  
 

 
 
Fig. 3: MTT assay has shown a dramatic effect of 
TGIFLX expression on cell viability in TGIFLX ex-
pressing (LNX-1) cells compared with wild type 
(Lncap) and empty vector (LNN-1) stable cell lines 
(P<0.05) 

 
BRDU and cell proliferation 
BRDU assay by recording 450 nm absorbance has 
shown these amounts to be 0.25, 0.24, 0.24 for 
LNCaP- LNN-1 and untreated LNX-1, respec-
tively, while the amount of absorbance has shown 
a dramatic decrease for treated LNX-1 low to 0.15 
(P<0.05). Figure 4 demonstrates a considerable 
reduction in cell proliferation by TGIFLX gene 
induction. 
 

 
 
Fig. 4: TGIFLX expression leads to suppression of 
growth by BrdU assay. As shown in figure the absorb-
ance is clearly deceased in treated LNX-1 cells com-
pared to untreated LNX-1, LNN-1 and Lncap cells 
(P<0.05)  
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Apoptosis by caspase 
Caspase 3 has a critical role in the process of nu-
clear apoptsis such as chromatin aggregation, 
DNA fragmentation and cell bubbling based on 
caspase 3 activities according to hydrolysis of Ac-
DEVD-pNA by caspse3 and releasing of p-
Nitroaniline (PNA) which could be calculated by 
450 nm absorbance recording. The absorbance 
was recorded as 0.11 and 0.13 for LNCaP and un-
treated LNX-1 respectively, while this amount 
increased to 0.3 in LNX-1 cells after 48 hours 
treatment with 1ug/ml of doxycyclin (Fig. 5). The 
results demonstrate a dramatical enhancement of 
caspase activity in TGFLX induced cells 
(P<0.005). 
 

 
 
Fig. 5: Apoptosis induction by TGIFLX is shown in 
this figure. Treated LNX-1 compared with untreated 
LNX-1 and LNN-1, Lncap cells demonstrated a signif-
icant increase in caspase activity (P<0.05) 

 
Protein localization 
Transfection of LNCaP cells with TGIFLX re-
combinant pEGFPN1 plasmid has revealed the 
GFP signaling from the nucleus which may sug-
gest the TGIFLX localization is in the nucleus, 
while GFP expression of empty pEGFPN1 trans-
fected was defined in the cytoplasm (Fig. 6). 

 
Discussion 
 
Primary studies have shown that TGIFLX gene 
expresses only in adult testis which could be in-

cluded in its role in spermatogenesis (8, 12). In 
this regard a study has shown that in non-obstruc-
tive azospermic testis samples, TGIFLX has not 
expressed compared with a normal person, which 
clarifies the relationship between the spermato-
genesis and TGIFLX expression (9). In another 
study it has been shown that in prostate sample of 
patients with BPH (Benign Prostate Hyperplasia), 
TGIFLX gene is not expressing while in advanced 
stages of prostate cancer it has high level of ex-
pression. 
 

 
 
Fig. 6: Lncap cells Transfected with PGEFP-TGIFLX 
and PGEFP as empty plasmid (10x magnification). (A) 
PGEFP-TGIFLX transfected cells on light microsco-
py. (B) PEGFP-TGIFLX transfected cells on fluores-
cent microscope showing GFP signal (TGIFLX locali-
zation) in nucleus. (C) PEGFP transfected cells on 
fluorescent microscope showing GFP signal of empty 
vector (localization) in cytoplasm 

 
It is suggested that TGIFLX has a role in the tu-
moregenesis path of prostate cancer (10). Based 
on the previous data, this study was conducted in 
order to find out the possible correlation of 
TGIFLX gene in the process of initiation and 
progression of prostate cancer. So a decision was 
made to study the effect of TGIFLX expression 
on apoptosis and cell death in a prostate cancer 
cell line. 
Homeobox genes belong to a huge family of 
growth and differentiation regulatory genes with 
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various functions in embryogenic period (13). Sev-
eral studies with regulation of these genes’ func-
tion have shown that the expression of Homeo-
box proteins can have an inhibitory or activatory 
effect on cell cycle (14). However, a precise mo-
lecular mechanism which could explain discrepant 
activity of these genes is still unclear. For instance 
Msx, Msx1 and Msx2 have the capability to sup-
press the gene expression by interaction with main 
components of transcription (15) and studies have 
shown that Msx1 genes cause promotion of cell 
proliferation (16). Elevation of cell proliferation 
could decrease cell differentiation through cyclin 
D1 over expression. In fact, Msx1 prevents the 
skip from cell cycle through up regulation of cy-
clin D1 expression which eventually leads to cell 
proliferation (17).  
On the other hand, expression of HOXA10 and 
P21, which induce differentiation in the primitive 
period of life, could be coordinated, inhibiting cell 
proliferation through binding HOXA10 on P21 
promoter region and transcribing activatory func-
tion which leads to cell proliferation inhibition 
(18). In addition, another study has shown the role 
of HOX11 in growth and development of spleen 
by cell survival enhancement (19). It demonstrates 
the opposite role of Homeobox genes in cells 
which can cause cell proliferation and in some 
cases inhibition in a contrary direction.  
TGIFLX belongs to Homeobox genes and could 
have an inhibitory role in proliferation of LNCaP 
which is a prostate cancer cell line with low grade 
of invasion. As it was mentioned before, TGIFLX 
belongs to TALE proteins and TGIF family. 
TGIF has several transcription inhibitory domains 

and suppressing transcription induced by TGF- 
through different mechanisms. Transcription in-
hibition could happen through histon deacetylase 
dependent or independent mechanisms (20). 
TGIF interacts with HDACs through its carboxil 
terminal and has a PLDLS (Pro-Leu-Asp-Leu-Ser) 
motive at the amino acid end, which is necessary 
for the inhibitory role of CtBP (carboxyl termi-
nus-binding protein). It leads to transcription 
down regulation in HDACs independent mecha-
nism (21).  

Among the several domains of TGIF, one of the 
suppressor domains (RD-2b) has a moderate ho-
mology with the same region in TGIF2 (22). 
Hence it seems that TGIF2 acts very similarly to 
TGIF. Therefore, it is likely that TGIF2 could be 
able to act as a transcription suppressor (21). Also, 
TGIF and TGIF2 have the capability of binding 

to Smads active complexes and suppress TGF- 
related transcription. However, TGIF2 can only 
suppress transcription through HDAC independ-
ent recruitment due to lack of PLDLS motifs (23).  
On the other hand, TGIF mutation that causes 
holoprosencephaly disease is due to loss of tran-
scription suppressing ability of this gene. However, 

it is not clear how it can influence through TGF- 
dependent or independent pathways. The findings 
show that TGIF and TGIF2 could compensate 

TGIF deficiency in the TGF- dependent or in-
dependent pathways. Therefore, differences in the 
severity of the holoprosencephaly phenotype 
could suggest that some factors inside the cell can 
compensate TGIF deficiency (23).Given the 
above we can suggest that TGIF2 is a particular 
form of TGIF and is a transcription suppressor 
(23). 
Moreover, TGIF and TGIF2 can down regulate 
transcription by direct binding to DNA (21). Also 
it seems that the c-terminal region of TGIF2 plays 
more determinative role in transcription repres-
sion compared to other regions (24). RD-2b re-
gion of the TGIF2c-terminal is also relatively pro-
tected in TGIFLX. So we can conclude that 
TGIFLX could participate in the transcription 
repression similar to TGIF2 (8).  
The other data has shown the apoptotic of 
TGIFLX in LNCaP cells. Homeobox large family 
of genes is a potential regulator which has a role in 
the cell cycle, differentiation and cell morphology. 
One of these genes is HOXD10. Several studies 
have shown that the expression of this gene is 
down regulated in gastric cancer cells, while re-
storing the expression will cause cell survival inhi-
bition, apoptosis induction, invasion decrement 
and thus, acting as a tumor suppressor (24).  
Studies have shown that activation of Smad pro-

teins through TGF- pathway causes the expres-
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sion of proteins which directly activates apoptosis 
in the cell. Activated genes in this pathway include 

the TGF--inducible early response gene-1 
(TIEG1), GADD45b, and Bcl2 (25, 26). Each one 
of these genes reactivates the other genes and 
causes apoptosis.  

In prostate cancer the role of TGF- as an apop-
tosis inducer has been studied. For example, los-

ing TGFRI, RII activity or decreasing their ex-
pression is shown in prostate cancer. Also recent 

studies have shown high expression of TGF-RII 

in LNCaP which was not sensitive to TGF- due 

to cells response to TGF- which leads to growth 
arrest and apoptosis induction (27, 28). Cells 

which responding to TGF- show a decreased 
expression of bcl2 and induced caspase1 activity 
(29).  
In a prostate cancer cell, increasing the level of 
bcl2 causes progression of tumour to androgen 
independency and poor prognosis (30, 31). Apop-
tosis occurring through caspase activity and acti-
vated caspase, could degrade proteins involved in 
structure, cell cycle regulation, DNA repair and 
cell function which in turn leads to releasing of 
cytochrome c from mitochondria (32, 33). On the 
other hand, caspase repressors such as bcl2 and 
bcl-xL could prevent apoptosis by inhibiting cyto-
chrome c release (34, 35).  
TGIF family are known as transcription suppres-

sor through TGF-. Like the other homeodomain, 
TGFILX could also act as both repressor and en-
hancer of transcription factor possibly through 
repression of genes involved in cell growth such 
as c-myc or genes which have a role in immortali-
ty, e.g. bcl2 which initiates the process of apopto-
sis in cells.  
In this study, it was demonstrated that TGIFLX 
expression leads to apoptosis in LNCaP. Our 
findings show that in transfection of cells with 
vectors containing GFP and TGIFLX (TGIFLX-
GFP), green signalling was observed in the nu-
cleus under fluorescent microscopy. However, 
cells transfected with empty vectors containing 
GFP demonstrated expression in cytoplasm. The-
se data suggest that TGIFLX protein is trans-

ported to the nucleus after gene expression which 
might represent a transcription factor.  
As it was mentioned before, homeodomain pro-
teins have a critical role in proliferation, develop-
ment and cell destiny as a transcription factor (36). 
One of the homeodomain protein subgroups are 
TALE (three-amino-acid loop extension) (36). 
TGIF genes belong to TALE family proteins, in-
cluding TGIF1, TGIF2, TGIFLX, TGIFLY (37). 
TGIF and TGIF2 have well-conserved homeodo-
main which suggests that the interactions with 
other proteins are similar in this region. Also the 
third helix in these two proteins are very similar 
and can suggest that they are binding to similar 
DNA sequences and in fact acting as a repressor 
transcription factor (24). Indeed, this area is in-
volved in DNA recognition (8).  
There are also evidences that TGIF2 can be local-
ized in the nucleus which can indicate its action as 
a transcription factor (38). In addition, nucleus 
localization signaling which was predicted in 
TGIF2 sequence analysis by PSPORTII program 
existed in TGIF and TGIFLX and was replaced 
with similar amino acids. This region in TGIF2 
includes RKRR which is located in N-terminal 
and RRRR and KKRK for TGIF and TGIFLX 
respectively. In fact all of these evidences indicate 
that TGIFLX is same as TGIF and TGIF2 in act-
ing as a transcription factor and localized in the 
nucleus as demonstrated by this study. 
 

Conclusion 
 
This study demonstrated a decrease in cell prolif-
eration which could be the cause of transcription 
repression of genes involved in cell cycle pathway. 
Still, more investigations seem necessary to clarify 
this claim. In addition, apoptosis was enhanced in 
LNCaP inducing TGIFLX showing that this gene, 
just like the other proteins of homeobox super-
family, is involved in apoptosis pathway and could 
have a tumor suppression role in LNCaP cells 
which have a low level of tumorogenesis.  
Studies have shown that nucleus localization is 
one of the important factors that all of transcrip-
tion factors should have (39). Therefore, even 
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though In Silico studies have recommended that 
TGIFLX is coding a transcription factor, nuclear 
localization studies using GFP expressing vector 
has shown that this evidence is in need of more 
studies for confirmation. In conclusion, all data 
demonstrated that TGIFLX, same as the other 
homebox super-family, has a critical role in gene 
regulation evidences in LNCaP cancer cell line 
accompanied by a nuclear localization which may 
indicate a transcriptional activity role. 
 

Ethical considerations 
 
Ethical issues (Including plagiarism, Informed 
Consent, misconduct, data fabrication and/or fal-
sification, double publication and/or submission, 
redundancy, etc.) have been completely observed 
by the authors.  
 

Acknowledgement 
 
The authors would like to thank Seyed Mu-
hammed Hussein Mousavinasab for his sincere 
cooperation in editing this text. This study was 
supported by Cancer Research Center of Cancer 
Institute of Iran (Tehran University of medical 
Sciences).  The authors declare that there is no 
conflict of interest. 
  

References 

 
1. Vaijayanti V. Pethe V, Bapat B (2008). Molecular 

Genetic Etiology of Prostate Cancer. The Open 
Genomics Journal, 1:13-21. 

2. Hsing A,Chokkalingam A (2006). Prostate cancer 
epidemiology. Front Biosci, 11:1388-413. 

3. Grier D, Thompson A, Kwasniewska A, 
McGonigle G, Halliday H,Lappin T (2005). 
The pathophysiology of HOX genes and their 
role in cancer. J Pathol, 205:154-171. 

4. Miller G, Miller H, van Bokhoven A, Lambert J, 
Werahera P, Schirripa O, Lucia M,Nordeen S 
(2003). Aberrant HOXC expression 
accompanies the malignant phenotype in 
human prostate. Cancer Research, 63:5879-88. 

5. Nunes F, de Almeida F, Tucci R,de Sousa S 
(2003). Homeobox genes: a molecular link bet 

ween de velopment and cancer. Pesqui Odontol 
Bras, 17:94-8. 

6. Hu Y, Yu H, Shaw G, Renfree M,Pask A (2011). 
Differential roles of TGIF family genes in 
mammalian reproduction. BMC Dev Biol, 11:58. 

7. Jin L, Zhou Y, Kuang C, Lin L,Chen Y (2005). 
Expression pattern of TG-interacting factor 2 
during mouse development. Gene Expr Patterns, 
5:457-62. 

8. Blanco-Arias P, Sargent C,Affara N (2002). The 
human-specific Yp11.2/Xq21.3 homology 
block encodes potentially functional testis-
specific TGIF-like retroposon. Mamm Genome, 
13:463-8. 

9. Aarabi M, Ousati-Ashtiani Z, Nazarian A, 
Modarressi M,Heidari M (2008). Association 
of TGIFLX/Y mRNA expression with 
azoospermia in infertile men. Mol Reprod Dev, 
75:1761-6. 

10. Ousati Ashtiani Z, Ayati M, Modarresi M, 
Raoofian R, Sabah Goulian B, Greene 
W,Heidari M (2009). Association of 
TGIFLX/Y mRNA expression with prostate 
cancer. Med Oncol, 26:73-77. 

11. Ghassemi R, Mansouri F,Heidari M (2007). 
Expression and Purification of the Human  
Homeodomain TGIFLX. Journal of Sciences, 
Islamic Republic of Iran, 18:13-18. 

12. Wang X,Zhang J (2004). Rapid evolution of 
mammalian X-linked testis-expressed 
homeobox genes. Genetics, 167:879-88. 

13. Illig R, Fritsch H,Schwarzer C (2012). Spatio-
temporal expression of HOX genes in human 
hindgut development. Dev Dyn:Epub ahead of 
print. 

14. Kanai M, Hamada J, Takada M, Asano T, 
Murakawa K, Takahashi Y, Murai T, Tada M, 
Miyamoto M, Kondo S,Moriuchi T (2012 ). 
Downregulation of pancreatic-duodenal 
homeobox 1 expression in breast cancer 
patients: A mechanism of proliferation and 
apoptosis in cancer. Mol Med Report, 6:983-8. 

15. Satoh K, Ginsburg E,Vonderhaar B ( 2004). Msx-
1 and Msx-2 in mammary gland development. 
J Mammary Gland Biol Neoplasia, 9:195-205. 

16. Yokoyama S,Asahara H (2011 ). The myogenic 
transcriptional network. Cell Mol Life Sci, 
68:1843-9. 

17. Hu G, Lee H, Price S, Shen M,Abate-Shen C 
(2001). Msx homeobox genes inhibit 



Iranian J Publ Health, Vol. 42, No.11, Nov 2013, pp. 1242-1252 

1252                                                                                                      Available at:    http://ijph.tums.ac.ir                 

differentiation through upregulation of cyclin 
D1. Development, 128: 2373-2384. 

18. Bromleigh V,Freedman L (2000). p21 is a 
transcriptional target of HOXA10 in 
differentiating myelomonocytic cells. Genes Dev, 
14:2581-6. 

19. Lonyai A, Kodama, S, Burger, D, Davis, M, 
Faustman, DL, (2008). The promise of 
Hox11+ stem cells of the spleen for treating 
autoimmune diseases. Horm Metab Res, 40:137-
46. 

20. Wotton D, Massagué, J (2001). Smad 
transcriptional corepressors in TGF beta 
family signaling. Curr Top Microbiol Immunol, 
254:145-64. 

21. Dai C,Liu Y (2004). Hepatocyte growth factor 
antagonizes the profibrotic action of TGF-
beta1 in mesangial cells by stabilizing Smad 
transcriptional corepressor TGIF. J Am Soc 
Nephrol, 15:1402-12. 

22. Hatzis P,Talianidis I (2002 ). Dynamics of 
enhancer-promoter communication during 
differentiation-induced gene activation. Mol 
Cell Biol, 10:1467-77. 

23. Melhuish T, Wotton, D, (2006). The Tgif2 gene 
contains a retained intron within the coding 
sequence. BMC Mol Biol, 7:2. 

24. Melhuish T, Gallo C,Wotton D ( 2001 ). TGIF2 
interacts with histone deacetylase 1 and 
represses transcription. J Biol Chem, 276:32109-
14. 

25. Spittau B,Krieglstein K (2012). Klf10 and Klf11 
as mediators of TGF-beta superfamily 
signaling. Cell Tissue Res, 347:65-72. 

26. Birnbaum D, Mamessier E,Birnbaum D (2012 ). 
The emerging role of the TGFβ tumor 
suppressor pathway in pancreatic cancer. Cell 
Cycle, 4:[Epub ahead of print]. 

27. Todorović-Raković N, Milovanović J,Nikolić-
Vukosavljević D (2011). TGF-β and its 
coreceptors in cancerogenesis: an overview. 
Biomark Med, 5:855-63. 

28. Claassen G,Hann S (2000). A role for 
transcriptional repression of p21CIP1 by c-
Myc in overcoming transforming growth 
factor beta -induced cell-cycle arrest. Proc Natl 
Acad Sci U S A, 97:9498-503. 

29. Miles F, Tung N, Aguiar A, Kurtoglu S,Sikes R 
(2012). Increased TGF-β1-mediated suppr-

ession of growth and motility in castrate-
resistant prostate cancer cells is consistent with 
Smad2/3 signaling. Prostate, 72:1339-50. 

30. Yamanaka K, Rocchi P, Miyake H, Fazli L, 
Vessella B, Zangemeister-Wittke U,Gleave M 
(2005). A novel antisense oligonucleotide 
inhibiting several antiapoptotic Bcl-2 family 
members induces apoptosis and enhances 
chemosensitivity in androgen-independent 
human prostate cancer PC3 cells. Mol Cancer 
Ther, 4:1689-98. 

31. Dehm S,Tindall D (2006). Molecular regulation of 
androgen action in prostate cancer. J Cell 
Biochem, 99:333-44. 

32. Pérez-Payá E, Orzáez M, Mondragón L, Wolan 
D, Wells J, Messeguer A,Vicent M (2011). 
Molecules that modulate Apaf-1 activity. Med 
Res Rev, 31:649-75. 

33. Vaux D (2011). Apoptogenic factors released 
from mitochondria. Biochim Biophys Acta, 
1813:546-50. 

34. Kole A, Knight E,Deshmukh M (2011). 
Activation of apoptosis by cytoplasmic 
microinjection of cytochrome c. J Vis Exp, 
29:pii: 2773. 

35. Chipuk J, Bhat M, Hsing A, Ma J,Danielpour D 
(2001). Bcl-xL blocks TGF-b induced 
apoptosis by inhibiting cytochrome c release 
and not by directly antagonizing Apaf-1-
dependent caspase activation in prostate 
epithelial cells. J Biol Chem, 276:26614-26621. 

36. Guan B, Pungaliya P, Li X, Uquillas C, Mutton L, 
Rubin E,Bieberich C (2008). Ubiquitination by 
TOPORS regulates the prostate tumor 
suppressor NKX3.1. J Biol Chem, 283:4834-40. 

37. Holland P, Booth H,Bruford E (2007). 
Classification and nomenclature of all human 
homeobox genes. BMC Biol, 5:47. 

38. Imoto I, Pimkhaokham A, Watanabe T, Saito-
Ohara F, Soeda E,Inazawa J ( 2000). 
Amplification and overexpression of TGIF2, a 
novel homeobox gene of the TALE superclass, 
in ovarian cancer cell lines. Biochem Biophys Res 
Commun, 276:264-70. 

39. Brivanlou A,Darnell JJ (2002). Signal transduction 
and the control of gene expression. Science, 
295:813-8. 

 
 


